SUMMARY Two hundred Carpentier-Edwards, Bjork-Shiley, and Starr-Edwards prostheses in 173 patients were examined. Sixteen (16%) in the aortic and 24 (25%) in the mitral position were associated with clinical signs of regurgitation. A phased array system (Hewlett-Packard A77020A) with a 2-5 MHz duplex and 1-9 MHz continuous wave transducer was used. Colour flow mapping showed trivial transvalvar regurgitation in 23 (53%) metal aortic prostheses, and only nine (20%) metal mitral prostheses. This difference was probably attributable to shielding of the left atrium by the metal components. Colour mapping confirmed abnormal regurgitation in all aortic prostheses with early diastolic murmurs, but regurgitation was also shown in 25 (29%) with no diastolic murmur. Abnormal mitral regurgitation was found in 13 (54%) patients with a pansystolic murmur, but also in six (8%) with no systolic murmur. Two patients, thought on clinical grounds to have mild mitral regurgitation, had unexpectedly large jets on colour flow mapping. About one in three prostheses had paraprosthetic leaks, 65 (79%) of which were small with a jet area less than 20% of the area of the receiving chamber. The development of new paraprosthetic leaks led to the diagnosis of bacterial endocarditis in two patients. In eight patients regurgitation was first diagnosed with continuous wave Doppler, but was afterwards shown with colour mapping and in a further 10 regurgitation could only be shown by continuous wave Doppler.
showed trivial transvalvar regurgitation in 23 (53%) metal aortic prostheses, and only nine (20%) metal mitral prostheses. This difference was probably attributable to shielding of the left atrium by the metal components. Colour mapping confirmed abnormal regurgitation in all aortic prostheses with early diastolic murmurs, but regurgitation was also shown in 25 (29%) with no diastolic murmur. Abnormal mitral regurgitation was found in 13 (54%) patients with a pansystolic murmur, but also in six (8%) with no systolic murmur. Two patients, thought on clinical grounds to have mild mitral regurgitation, had unexpectedly large jets on colour flow mapping. About one in three prostheses had paraprosthetic leaks, 65 (79%) of which were small with a jet area less than 20% of the area of the receiving chamber. The development of new paraprosthetic leaks led to the diagnosis of bacterial endocarditis in two patients. In eight patients regurgitation was first diagnosed with continuous wave Doppler, but was afterwards shown with colour mapping and in a further 10 regurgitation could only be shown by continuous wave Doppler. Colour flow mapping was less sensitive than continuous wave Doppler in detecting regurgitation, but seemed able to distinguish normal transvalvar from paraprosthetic regurgitation. Further studies in the natural course of paraprosthetic leaks and a comparison of the transoesophageal and transthoracic approaches in the assessment of mitral prostheses are needed.
It is important to be able to detect and localise the site of regurgitation associated with prosthetic valves. The development of a new leak in a paraprosthetic position may suggest bacterial endocarditis or in a transvalvar position may be the first indication of primary failure in a bioprosthesis. It is also useful to be able to guide the surgeon when repair of a paraprosthetic leak is required.
Continuous Shiley, or Starr-Edwards were excluded because there were too few of them. This left 200 prostheses in 173 patients. There were 103 aortic prostheses in which 16 (16%) had the murmur of aortic regurgitation and 97 mitral prostheses of which 24 (25%) had pansystolic murmurs.
APPARATUS
We used a phased array ultrasound system (HewlettPackard A77020A) with a 1 9 MHz continuous wave Doppler probe and a duplex 2 5 MHz transducer for imaging and colour flow Doppler mapping. The colour flow Doppler system was set to maximum packet size and minimum reject with the gain just below the level at which ambiguous colour flooding occurred. Both enhanced and variance threshold maps were used. Recordings were made on to professional quality three quarter inch U-matic tape. occluder (disk or ball) in the parasternal long axis view ( fig 6) ; or (c) beyond the shielding of the occluder in the absence of evidence of a paraprosthetic leak. The severity of paraprosthetic aortic regurgitation was estimated from the arc occupied by the base of the jet around the sewing ring. The maximum area of the aortic or paraprosthetic mitral jet was also expressed as a percentage of the receiving chamber area6 when the approach that gave optimal imaging of the jet was used. A semiquantitative estimate of jet area in transmitral regurgitation was not attempted because of shielding by the metal components.
Five patients with severe prosthetic dysfunction were evaluated by cardiac catheterisation and contrast injection-four proceeded to operation. One further patient had an operation without previous catheterisation and four cases Most of the regurgitant jets were small. The area of the jet in 65 (79%) was less than 20% ofthe receiving chamber area. Shielding by the prosthesis precluded reliable estimation of the severity of regurgitation through metal mitral prostheses. Paraprosthetic mitral regurgitant areas were also likely to have been underestimated because ofpartial shielding ofthe jet. The base of the aortic jet involved approximately Colour flow Doppler mapping in the assessment ofprosthetic valve regurgitation severe paraprosthetic regurgitation in three. At operation, however, one patient who was thought to have a paraprosthetic leak was found to have a sinus between the base of the cusp and the stent, but no dehiscence of the sewing ring. The colour flow findings were confirmed in the other four patients. Two patients thought to have considerable paraprosthetic regurgitation had severe intercurrent illness which prevented further intervention. Catheterisation was also performed for suspected coronary artery disease in four patients with CarpentierEdwards prostheses; it confirmed the absence of regurgitation.
Discussion
This is the first study to use colour flow Doppler mapping to describe patterns of regurgitation in a consecutive series of patients with prosthetic valves. The striking finding was the high frequency of unsuspected paraprosthetic regurgitation in prostheses of all three types in the aortic position and in Bjork-Shiley and Starr-Edwards prostheses in the mitral position. Most of the regurgitant jets were, however, small and probably not haemodynamically important. Furthermore, most severely dysfunctioning prostheses were diagnosed clinically. Was colour flow mapping, therefore, of clinical use? Two patients with severe paraprosthetic regurgitation were first diagnosed with colour flow Doppler and in two further patients newly developed mild regurgitation led to the diagnosis of bacterial endocarditis. Localisation of the site of regurgitation guided the surgeon in all three patients with paraprosthetic leaks who underwent reoperation. In all 24 mitral prostheses where a new systolic murmur was heard after operation, colour flow mapping was able to localise the origin of the flow disturbance to the mitral or tricuspid valve or to the left ventricular outflow tract. It may be difficult clinically to exclude mitral prosthetic regurgitation in a patient with coexistent tricuspid regurgitation. Colour flow mapping also contributed by excluding significant prosthetic regurgitation in 11 
